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Introduction 
The Water Framework Directive (WFD; European Commission 2000) is a 
framework for European environmental legislation that aims at improving 
water quality by using an integrated approach to implement the necessary 
societal and technical measures. Successful transposition and implement-
ation of the WFD is a challenge not only to governments and competent 
authorities, but also to research organisations providing the scientific 
support for the different phases of the implementation. 
Assessments to guide, support, monitor and evaluate policies, such as 
the WFD, require scientific approaches which integrate biophysical and 
human aspects of ecological systems and their interactions, as outlined by 
the International Council for Science (2002). These assessments need to be 
based on sound scientific principles and address the environmental 
problems in a holistic way. Some examples of this holistic approach have 
been presented elsewhere in this volume but the end-users also need to 
help to select the most appropriate methods and models. Advice on the 
selection and use of a wide range of water quality models has been 
developed within the project Benchmark Models for the Water Framework 
Directive (BMW). In this article, we summarise the role of benchmarking 
in the modelling process and explain how such an archive of validated 
models can be used to support the implementation of the WFD. 
 
Models for the WFD 
The WFD implementation process consists of several consecutive steps, 
and the successful implementation of these steps requires different kinds of 
tools, such as pollution quantification algorithms, decision support systems 
and dynamic simulation models. The use of models as tools in the WFD 
context has been an issue of recent discussion and development. Models 
have been identified for use in assisting many different functions, such as 
helping to understand how water systems function, providing a framework 
for data management and validation, and supporting water management 
activities. 
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FIG 1. Models supporting the implementation of the WFD: Formulation of scenarios 
(from Rekolainen et al. 2003). 
 
 
The need for, and role of, models within the various phases of the WFD 
implementation process have been investigated by Rekolainen et al. 
(2003). The well-known DPSIR (Drivers-Pressures-State-Impacts-
Response) framework has been further developed to fit better with the 
WFD implementation process, and within this framework the types of 
models needed in different consecutive steps of the process have been 
identified. The purpose of the framework, called DPCER (Drivers-
Pressures-Chemical Status-Ecological Status-Response), is to bring the 
potential model applications into a wider perspective and lay a foundation 
for the selection of models and other tools within the identified three 
different phases of WFD implementation. In Fig. 1, examples of model 
types are given that could be used to analyse different linkages in the 
DPCER framework. 
 
The modelling process 
Several aspects of the thinking that underlies the modelling process for 
environmental systems have been dealt with in the modelling literature 
published in recent decades. One of the most thorough descriptions of the 
modelling process published in recent years is that presented by Refsgaard 
& Henriksen (2004), who recommend that a consistent terminology should 
be adopted for the entire modelling process (Fig. 2). They divide the 
simulation environment into four basic elements: reality, conceptual 
model, model code and model (application). The inner arrows in Fig. 2
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FIG. 2. Elements of modelling terminology (by Refsgaard & Henriksen 2004; 
modified after Schlesinger et al. 1979). 
 
 
describe the processes that relate the elements to each other, and the outer 
circle refers to the procedures that evaluate the credibility of these 
processes. 
Refsgaard & Henriksen (2004) acknowledge the fact that it is the 
responsibility of the model user to select a suitable model code and to set-
up the model for site-specific conditions, as well as to prepare the 
validation documents. In addition, they emphasise that the model user must 
interact with the water resources manager on assessments of realistic 
model accuracies. However, Kämäri et al. (2005) expand this dialogue to 
take place at every stage of the so called model evaluation protocol, i.e. (1) 
management task definition, (2) model code selection, (3) model 
performance assessment, and (4) a posteriori review of modelling. Within 
each evaluation stage there is a dialogue between the water manager and 
the modeller during which they reach a mutual understanding of the issues 
relating to that stage before moving forward with the next part of the 
modelling study. The simulations described elsewhere in this volume 
demonstrate what can be achieved when measurements and models are 
developed in close consultation with the end-users. In these case studies, 
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the frequency of the automatic monitoring also proved crucial since the 
critical water quality variables were influenced by very short-term changes 
in the environment. 
 
Model benchmarking 
The overall aim of the model benchmarking and the model evaluation 
protocol that we have been developing, is to provide advice to water 
managers in their selection and use of models to assist the implementation 
of the WFD. Therefore, the advice must relate closely to the purpose of the 
model application. The careful definition of the management task clarifies 
the objectives of the modelling task, and helps to identify the important 
characteristics that the model code should contain. 
In the model selection protocol the first benchmark criteria have been 
suggested by Saloranta et al. (2003), the criteria being presented in the 
form of 14 questions through which each model can be evaluated. In the 
most recent version the criteria for model code selection comprises 12 
questions, and for model performance assessment three questions (Kämäri 
et al. 2005). All questions are accompanied by guidance that highlight the 
considerations both water manager and modeller should address (Hutchins 
et al. 2005). 
One objective of the BMW project is to provide a computer-based tool 
that encapsulates the benchmark criteria and structures the dialogue into a 
series of questions. The questions are then expanded or further explained 
using a series of considerations that should inform the dialogue between 
water manager and modeller. This web-based tool, with necessary 
considerations and guidance for answering each question, forms part of the 
River Basin Managers Toolbox (RBM-Toolbox 2004). The toolbox is 
operational and we hope that both modellers and river basin managers will 
make active use of it. Modellers are requested to upload information about 
their models into the toolbox, and managers are encouraged to use the 
toolbox for screening and evaluating models to ensure that they are 
suitable for the management tasks in question. 
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